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PREFACE

One of the primary aims of a teacher's lesson structure should be
to present material in such a way that the students can not only repeat
accurately the facts learned. but also apply the principles it a ptactical
situation. It is to be hcped that this p, ctice would be maintained in
tields ranging from applied mathematics to driver education. The point is
to be able to relate facts learned in the classroom to problems existing
outside the classroom.

Inherent in this kind of preparation is the assumption that the
material presented to the students is a true and realistic representation
of-knowledge to be of use in everyday situations A film used in a driver
education class to illustrate traffic hazards will be of ) benefit at all
if it does not depict realistically those dangers the driver will find on
the highway. Similarly, an auto mechanic-to-be cannon be expected to
recognize a faulty generator if the model used in the classroom is not a
faithful representation of the real thing.

This technical paper presents still another dimension of the equi-
valence of training and practice iu industry. _ The field is television
repair, and this multi-purpose study delves into several aspects of the
training, testing, and performance of the television service technician.

The author wishes to thank Dr Thomas Baldwin for his time in ad-
vising the author and reviewing the manuscript; Mr. Alvin Stumpf of R. W. S.
Industries, Cleveland, Ohio, who generously loaned the Tele-Lab used in
administering the tests described herein; and the Sears-Roebuck Training
Center, Chicago, Illinois, for giving up valuable training time so that
their technicians could be tested. The author and the Center are grate-
ful to Dr, Joe R, Clary, Executive Director of the North Carolina State
Advisory Council on Vocational Education, for his pre-publication review
of the manuscript, Appreciation is also expressed to Mrs. Sue King for
editing the manuscript. Miss Becky Beckler for typing the final copy, and
the entire Center clerical and technical staff for the assistance in the
production of the final report.
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CHAPTER I

INTRODUCTION

Nature of the Problem

One of the most important jobs a television service technician
perform,: is diagnosis- Obviously, the technician does many other things,
but unless he can perform this first step he is essentially useless as
a technician. It does not take exceptional skill or knowledge to test
vacuum tubes, solder wires, replace components, etc. Most people can
be taught to do these things in a very short time; however, it does take
considerable knowledge and skill to diagnose problems that occur in
television receivers. Anyone who has closely observed a technician
servicing a television set has seen the technician constantly observing
the picture from the set as he performs certain checks, makes adjust-
ments, or replaces components, the quality of the picture is a constant
reference point in servicing a.relevision receiver. The video (picture)
and audio (sound) are the end products of the set's circuitry, and their
quality is really the technician's major concern. In fact, he is
highly concerned with both normal and defective reception and must be
able to distinguish between them. One dealer estimates that 25 percent
of all service calls involve normal reception ("Education and Inventory,"
1969) ,

The inherent circuit characteristics of television receivers are
such that the signal progresses through the set in a systematic manner
generally characteristic of all television receivers, e.g., all tele-
vision circuits contain low and high voltage, power supplies, horizontal
and vertical oscillator, I. F,, and audio and video stages. These
stages are interconnected, and their final product is the video and
audio output in the form of picture and sound. If some stage (or parts
of a stage) in the receiver malfunctions, it will affect the quality of
the picture in some manner which is quite characteristic; e.g., a mal-
functioning vertical oscillator can cause the picture to roll or move
vertically, lack of high voltage will cause the screen to go dark,
AC current leaking into the audio will cause a hum in the sound, etc,
This visual cue in the picture and/or audio cue in the sound immedi-
ately tells the technician which stage or stages he should examine in
the set. to locate the troubie; that is, it narrows the field of his
search for the faulty component(s), Obviously, the technician uses
other skills and knowledges in locating malfunctions in a television
receiver, but visual diagnosis is always first. All malfunctions
could, in theory, be diagnosed and located with an oscilloscope and



other test equipment, In practice, however, this just is not done
because it is easier and quicker to look at the picture tube for these
cues since the television receiver acts as its own test equipment.
However the technician must be able to read the screen just as he must
be able to read a voltmeter or oscilloscope Instructional programs for
training television technicians teach the use of these cues systemati-
cally and/or incidentally--it can hardly be escaped Yet there is
little or no effort to measure this visual diagnostic, ability in eval-
uating technicians graduating from technical training programs A
cursory survey of the market reveals only one or two television chassis
with switcheble defects wired in so that they may be used for testing
and/or teaching purposes Some instructors wire their own sets, but
this is expensive and time consuming. More often, only the instructor's
opinion enters into the evaluation of the student technician's ability
to visually diagnose television malfunctions, Yet if we are to get a
complete assessment of the ability of the technician, all dimensions of
his ability must be measured. A fairly large number of xesearch studies
have been made of electronic troubleshooting; however, none has been
addressed to the task of assessing the visual diagnostic ability of'television service technicians

Another method of presenting defective television pictures to
technicians for testing purposes is photography Photographs have many
advantages over the live television screen for testing purposes, They
are smaller; more convenient, cheaper to produce in large quantities,
more consistant easily transportable and more reliable, (Electronic
equipment malfunctions; photographs do not.) Many electronic, textbooks,
trade magazines, and trouble-shooting pamphlets fdr the layman use pho-
tographs for these reasons The question of the equivalenceof the
photographs to the live picture should be asked--how good are these
photographic substitutes? They obviously lack the motion found in a
live television picture, but if they are of high quality and of suffi-
cient size to resolve the picture detail; they contain all of the
remaining information in the picture since they are an exact copy, The
books and pamphlets mentioned previously do, in fact, contain supple-
mentary statements wherever necessary which are indicative of any motion
in the picture,.e.g-, rolling i.icture, jumping picture, etc. If the
qualifications of size, quality, resolution, and motion cues are given,
we would expect the photographs to be equivalent, or nearly so, to the
live screen presentation for testing purposes. No studies have been
made of the relationship between photographs with notion cues and a live
screen television picture_ It is imperative acr the question of equiv-
alence be answered for economic and logistic reasons if the dimension
of'visual diagnostic ability is to be testes; extensively.

Purpose of the Study,

This study was an attempt to answer several basic questions with
regard to an additional dimension of the performance of television
service technicians and the equivalence of two methods of presenting
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defective television reception for testing purposes. The first pur-
pose of the study was to develop a test to measure an additional
dimension of the performance of the television service technician
which is not being measured by a conventional paper and pencil test--
visual diagnostic ability. The second purpose of the study was to
assess the independence of the dimension of visual diagnostic ability
from the knowledge which is normally measured by paper and pencil
tests. The third purpose of the study was to develop a parallel form
of the test in order to compare the iconic equivalence of photographs
with verbal motion cues and live screen presentations of defective
television pictures for testing purposes. Iconicity is defined as the
degree of realism with which an object represents the real object. One
can scale objects according to their iconicity. In the case of tele-
vision pictures, the scale might be: line drawings, shaded line draw-
ings, still photographs, and motion pictures. In each case as the
degree of iconicity increases, the representation is more like'the real
object. The fourth purpose of the ;tudy was to ascertain if the static
and dynamic tests are measures of 4 single dimension, and, further, if
they are both measures of the same dimension. The fifth purpose of the
study was to assess .the reliability and validity of the two tests.

* Limitations of the Study

The study was limited to attempting to develop parallel forms of
an instrument for assessing the existence and independence of the dimen-
sion of visual diagnostic ability of graduating television servicing
technicians and assessing the iconic equivalence of two methods of pre-
senting defective pictures. No attempt was made to assess all of or
the relative importance of the dimensions of troubleshooting ability.
Since this study was an attempt to answer basic questions about visual
diagnostic ability and iconic equivalence, and due to the cost of equip-
ment and logistics of testing, only a sampling of black and white vacuum
tube-type television receiver malfunctions were used. No attempt was
made to test the visual capacity of the _echnicians or students tested.
Visual testing would have created additional logistic and financial
problems, and there was no reason to suspect that any of the students
or technicians tested had any visual impairment which might affect their
performance on the tests. It seemed reasonable that visual impairment
to this extent would have eliminated those affected from the training
programs or from the occupation. No attempt was made to establish the
minimum acceptable size of photographs. High quality photographs of
sufficient size to allow resolution of single scan lines were assumed
to be adequate.
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CHAPTER II

LITERATURE SURVEY AND bit.:EMEIT OF HYPOTHESES

Literature Survey

The value of performance testing has been recognized for cen-
turies. Performance tests are effective, have great realism, and a
close relationship to job-like measures. They have high face validity
(Evans and Smith, 1953) and are intrinsically valid (Fattu, 1956, p. 3).
One of the earliest records of performance testing goes back to Biblical
times. Jephrhah (Jud. 12:5) used the password "Shibboleth" because he
knew the enemy could not pronounce the sound "sh". All those fugitives
at the Jordan fords who said Sibboleth were promptly killed. It was a
very effective test (Fattu, 1956, p. 2). Performance tests do have
some serious drawbacks, though. They usually cost more, consume more
time to administer, and allow only a limited sampling of the tasks the
individual should be able to do (Lefkowith, 1955, p. 17). Their advan-
tages, however, outweigh heir disadvantages. Their big advantage is
that they appear to measure an additional dimensio.A of the criterion.

It has been shown many times through research that human ability
is multidimensional and indeed, that dimensions may have subdimensions.
Such is the case with electronic troubleshooting ability. Saupe con-
cluded that some but not all variance due to individual differences in
troubleshooting can be predicted from basic knowledge (Saupe, 1954,
pp. 74-75). If, in fact, this is the case, in order to assess the
criterion adequately we must sample all dimensions of the criterion,
not merely those dimensions that are easy or convenient to measure.
Even though the importance and the need for performance tesi have been
recognized, their development has lagged behind. This is especially
true in the vocational-technical field; yet this is one area that should
be making wide use of performance tests since most of the abilities with
which we are concerned require more than just cognitive knowledge.
Instead of developing performance tests, other forms of tests have been
substituted that are cheaper and easier to develop and administer.
Electronic troubleshooting, in particular television troubleshooting,
is no exception. Sometimes pictorial tests have been substituted for
performance tests which use actual equipment, but even these are rather
rare (Lefkowith, 1955, p. 1).

Saupe (1954) identified troubleshooting as one of the most
crucial and difficult jobs of the electronic technician. Standlee
et al. (1956) report that according to the Navy electronic technicians'
handbook, troubleshooting ability is a sort of sixth sense which is
acquired with experience. If this is the case, it lends even more
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support to the logic Ipr testing this dimensiork. The ability to trou'ole-
shoot electronic equipment is a critical job legeirement for electronics
technicians; yet the research shows that there has been heavy reliance
on paper and pencil tests which may not measure this dimeoslon. There is
strong evidence th,t sueh tests measure principally verbal ce_f..ent ane Oat
visual Lests are needed to measure visual content (Holmes, 195, p. 76).

There has been much research done in the area of electronic
troubleshooting. The vast majority of these studies have been mad's
for the military and are concerned primarily with, specific military
applications such as maintenance of radio and radar equipment. The
three largest categories of this electroni' research are proficiency
assessment techniques, training equipment er materials, and analysis
of job activities. Other categories are evaluation of maintenance
personnel, experimental, and general. There have also been many trouble:
shooting tests developed which can be categorized iPt0 (1) on-the-job
measures, (2) performance tests, (3 simulator tests, (4) ARC (Automatic
Recording of Checks) tests, and (5) paper and pencil tests.

Miller and Polley (1951) define troubleshooting as a legical pro-
cedure in eliminating the alternative possibilities in dia!tnosing tLe
cause of a symptom or group of symptoms. The technician does this by
performing appropriate checks, by a logical or systematic procedure, or
from probability data. It should be recognized, however, that before
the technician can troubleshoot a given piece of equipment, he most
first be able to recognize (diserimi.sate) tnat the symptom or problem
exists, i.e., he must know the operating characteristics of the equip-
ment well enough to recognize abnormal operatica under the usual operat-
ing conditions of the equipment. One study points up quite 14711 the
process involvei in troubleshooting as well as the importance of the
ability o2 the electronics technician to troubleshoot electronic equip-
ment. Tn this study the investigator had electronics technicians rank
the abilities they felt their jobs required. He concl-xled that the
first three critical requirements of electronics technicians are to
(1) make simple discriminations, (2) make decisions-contingent upon
these discriminations, and (3) analyze and trace circuits (Standlee et
al., 1956). Although most of the troubleshooting research and te,sts
deal with specific military problems and are not pertinent to this
study, there are a number of findings which are important.

Many people have observed and studied technicians' troubleshoot-
ing equipment and have noted the wide differences Jr. the ability of the
technicians to diagnose quickly and /or successfUly malfunctioning equip-
ment. Bryan et al. (1956) made such an observation. Saupe (1934)
observed technicians troubleshooting a superheterodrne radio and con-
cluded that basic knowledge predicts some but not all of the individual
differences in troubleshooting proficiency and that good troubleshooters
know more about the functional relationships between components than do
poor troubleshooters. Acquisition of sufficient information to locate
the defective stage does riot guarantee a correct solution, but it does
increase the chances of sucuess. Highland and others concluded that
successful troubleshooters do not necessarily make fewer checks. in
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fact, there is no partic,liar advantage in accomplishing a large number
of checks before restricting the checking to a single stage of the
equipment, However, a tendency to make more checks in "wringing" out
a stage improves a man's chances for locating the trouble, The nearer
a man's first component relace"ent is to _the defective component, the
more likely it is that he will eventually find the trouble, Interviews
conducted with troubleshooters suggested that rapid solution of trouble-
shooting problems is associated with logical analysis and thinking out
the problem, knowledge of the equipment, past experience with the partic-
ular malfunction, and proper utiIization.of test equipment (Saltz and
Moore. 1953).

The research presented thus far indicates that troubleshooting
ability is a critical duty of the technician and that there are large
individual differences in this ability among technicians, Basic knowl-
edge accounts for some but not all of these differences. and successful
troubleshooters cannot necessarily be identified by the number of checks
made, Successful troubleshooting is contingent upon making discrimina-
tions, making decisions based upon these discriminations, and tracing
and analyzing circuits. AlSo, visual tests should be used to measure
visual content.

In the specific case of the television service technician, the
troubleshooting process starts with discriminations about picture qual-
ity or lack of picture and proceeds to the second step, that of making
decisions based upon the discriminations, i.e.. identification or recog-
nition of-the symptoms followed by elimination of possible causes..
Glaser Damrin and Gardner developed a- ARC (Automatic Recording of
Checks)-type television troubleshooting test for a problem-solving
research study. Verbal descriptions were us_cl as the means of indicat-
ing picture quality (Fattu, 1956). However, when performance testing,
the prime testing device is the actual equipment in its normal setting.
When this is not feasible, a simulator or pictorial test should be sub-
stituted 04ulfeck and Taylor, 1957)., Uris (1955) found that three-
dimensional models and actual equipment were both better than-two-,
dimensional aids in teaching complex motor skills. Lefkowith (1!,55)
studies the iconic relationship of various methods of teaching and
testing, He deiines iconicity as realism, or the degree to which
pictorial signs or symbols are similar to the objects signified. lie

concluded that pictorial tests measure learning best when the testing
device is as nearly Like the actual equipment as possible and that the
testing should be done with the same equipment or pictorial representa-
tion as used in teaching. He further concludes that there is a practi-
cal limit beyond which increased reality in a pictorial test will not
result in increased validity and that there is a point beyond which a
higher iconic level will not add relevant learning (or testing) cues.
Motion picture films and kinescopes have been found to be almost as
effective as conventional means in teaching classes (Holmes. 1959).
Motion pictures, if of sufficient quality, should contain all of the
relevant information presented by an actual television screen; however,
these are expensive to produce. Still photographs are reasonably cheap
and easy to reproduce but lack motion and are one step more removed



iconically from the live television screen. If the iconic level of
photographs with motion cues is sufficiently high, these would provide
a cheaper, more convenient, and more reliable method of testing the
visual diagnostic ability of television technicians. This queStion
has not yet been researched fully.

In testing the visual diagnostic ability of television techni-
cians, one cannot escape certain questions pertaining to vision. One
of these is the relationship between static and dynamic'vision. Burg
(1966) has made an extensive study of California drivers' static and
dynamic vision. Studies of this nature typically use a target moving
in an arc in front of the subject's eyes- with the sked and direction
of the target varying: He found that (1) acuity declines with the
speed of the target, (2) there is a high correlation between static and
dynamic vision, and (3) the correlation decreases as the target speed
increases (December, 1964). Ludwigh and Miller concluded that visual
acuity is largely dependent upon the efficiency of the overall ocular
pursuit mechanism of the individual and that not all persons with good
static acuity are equally good in dynamic acuity (Bartley, 1958).
Dynamic vision may be a critical variable when'comparing photographs
with a live television screen. This has not yet been researched. Since
the motion that may be present in the picture of a malfunctioning tele-
visior receiver approaches a static condition and since the relevant cue
is motion rather than the speed of motion, it seems reasonable that if
photographs of a television screen are supplemented with motion cues,
they should be essentially equal to the live screen presentations.

Visual_perception has been researched by Von Senden, Bailley,
Forgus, Gibson; Vernon, and others. Von Senden reports that perception
is multidimensional, with dimensions of space, size, form, brightness,
color, etc. In studying persons who were given sight for the first
time,-Von Senden found that differences in the dimensions of color and
brightness could be detected immediately; however, practice was required
before other dimensions could be accurately discriminated (Riesen, 1947).
In other wcrds, learning takes place as a result of practice. Gibson
and Gibson concluded that perceptual learning leads to increased speci-
ficity or differentiation of the perceptual act, i.e., the individual
becomes more sensitive to the variables of the stimulus array.
VanderMeer (1953) concluded that students improve their ability to learn
from films as they have more practice in viewing films. Zuckerman and
Rock (1957), Forgus (1966), Dember(1964),and Birch (1945) also con-
clude that perceptual learning increases'with experience, Since
experience plays as important part in visual perception, we would
expect that experienced technicians would tend to score higher than
graduating technicians on a visual diagnostic test of malfunctioning
television receivers since they have had a greater amount of experience
(Fehrer, 1935, and Dickinson, 1926).

When testing using a live television screen, the viewing position
and distance from the screen may be critical. In studying instructional
television programs, Holmes (1959) found that the maximum number of
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students viewing one screen should be approximately equal to the screen
size expressed in feet. He also found no difference in achievement in
students sitting in the front, middle, or rear of the room when the
minimum and maximum distances from the screen were the screen size
expressed in feet and twice the screen size in feet, respectively.
Ash et al. (1953) found the optimum viewing area of a rear projection
daylight screen to be a .60 degree cone, 12 screen widths deep,
expressed in feet. When servicing a television set, a technician
typically views the set from close range primarily because he must be
close in order to work on the set, As long as the malfunctions prt.-
sented are such that they do not require observation of individual
scan lines, e.g focus problems it would seem reasonable to expect
that viewing conditions similar to those for instructional television
and rear projection equipment should be adequate, although it would
seem advisable to restrict the maximum distance as much as practi-
cable.

It should be noted that troubleshooting as previously defined
requires three steps--discrimination, decision-making, and circuit
tracing and analysiss. For purposes of this study a distinction will
be made between diagnosis and troubleshooting, Diagnosis as used here
refers to the first two steps--discrimination and decision-making.
This process isolates one stage or a series of stages in order of
probable fault within which further isolating checks can be made. In
somr cases it might pinpoint a single component. Troubleshooting is
.eaten to mean the entire process-which includes the acditional step of
circuit tracing and analysis to isolate the defective component(s).
Thus, visual diagnostic ability of the technician refers to his
ability to look at a television screen, make discriminations, and then
make decisions about these.discriminations, i.e., he must be able to
look at the screen-and-recognize normal or abnormal reception and then,
if the reception is abnormal, make a decision about the probable source.

Statement of Hypotheses

The following research hypotheses were formulated based upon the
research studies just cited.

1, Visual diagnostic ability exists as a reliable dimension as
measured by the static test.

2. Visual diagnostic ability exists as a reliable dimension as

measured by the dynamic test.

3.. As measured by the static test, visual diagnostic achieve-
ment of television technicians employed full time in'the
occupation will be significantly better than the visual
diagnostic ability of students completing training.
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4. As measured by the dynamic test, visual diagnostic
achievement of television technicians employed full time
in the occupation will be significantly better than the
visual diagnostic achievement of students completing
training.

5. There is no significant difference in iconicity between
photographs with verbal motion cues and live set
presentations of malfunctions in visually diagnosing
television receiver malfunctions.

6. Visual diagnostic ability as measured by the static test
is independent of other trade-related knowledge as measured
by a paper and pencil test of knowledge of basic electronics.

7. Visual diagnostic-ability as measured by the dynamic test is
independent of other trade-related knowledge as measured by
a paper and pencil test of knowledge of basic electronics.

8. Visual diagnostic ability as measured by the static test
represents essentially a single dimension.

9. Visual diagnostic ability as measured by the dynamic test
represents essentially a single dimension.

10. The static and dynamic tests measure the same dimension.
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CHAPTER III

EXPERIMENTAL PROCEDURE

Restatement of the Problem

This study was an attack on several basic questions regarding
the assessment of an additional dimension of achievement of graduating
student television service technicians and the iconic equivalence of
photographs with verbal motion cues and the live screen as methods of
presenting defective television reception for testing purposes. The
first part of the problem was to develop a test to assess the additional
dimension of visual diagnostic ability which is not normally measured
with a paper and pencil test. The second part of the problem was to
deVelop a parallel test to assess the iconic equivalence ofthotographs
with verbal motion cues and live screen presentations of defective
television reception for testing purposes. The third part of the prob-
lem was to assess the independence of visual diagnostic ability from
that which is normally measured by conventional paper and pencil tests.
The fourth part of the problem was to assess the visual diagnostic
dimension with regard to its being a single valid and reliable dimen-
sion. Some of the basic relationships to be studied are shown diagram-
matically as follows:

knowledge of basic electronics
paper and pencil test

visual diagnostic ability
live screen

visual diagnostic ability
photographs with verbal

motion cues

Test and Equipment Development

A panel of radio-television instructors and technicians from
North Carolina and Illinois wrote the items-for the tests and judged
their appropriateness. The panel had been previously employed by the
Achievement Measures Project to write a standardized radio-television
service curriculum to be used in one-year technical training programs
in radio and television service. The panel was also responsible for
writing an achievement test for radio-television servicing. This was
a paper and pencil test of knowledge of basic electronics. It is
referred to here as the RTV test and is used in part of the analysis
of this study (Baldwin, 1968). Items were written and judged for
appropriateness by the panel. Those items upon which there was
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greatest agreement and which could be suitably wired into a set were
retained for use in the tests.

Malfunctions used were wired into a television chassis so that
they could be switched into and out of the circuit at the appropriate
time. The unitchosen for this purpose was a Tele-Lab instructor
model manufactured and supplied by R. W. S. Industries, Cleveland, Ohio.
The trainer is approximately four feet high by 22 inches wide and 16
inches deep. A 16-inch picture tube is mounted near the top with the
chassis mounted near the bottom. An auxiliary chassis and panel-were
mounted on the unit in front of the main chassis to carry the switches
and necessary components to switch in malfunctions. Except for the
means of presenting malfunctions, the static and dynamic tests are iden-
tical. Twenty-seven different malfunctions were used with 50 multiple-
choice questions based on these malfunctions. Some malfunctions were
used for more than one question since they are more common. For pur-
poses of thiS study only black and white tube type malfunctions were
used. Two further restrictions on the malfunctions used were: they
had to be switchable into the circuit of the set without destroying-the
set; and they had to be compatible with the set circuitry, e.g., loTq
DC restorer voltage problems could not be used since the set uses B+
boost. A'standard test pattern was used as the video signal so that the
same signal was fed into the television set in all instances. A B&K
1076 television analyst was used for this purpose.

Audio cues are sometimes used in the diagnosis of a set and could
normally be heard from a live set but obviously would be lacking in
photographs. fo control this variable the audio portion of the set was
blocked out so that no audio signal could be heard. A statement on the
condition of the audio was included in each question in both the static
and dynamic tests. Statements such as normal audio, hum in audio, weak
audio, distorted audio, etc. were used.

A question in the static test would read as follows:
1. The most likely cause of the malfunction in Figure #1 with normal
audio is:

A. defective vertical oscillator stage

B. defective high voltage rectifier

C. defective horizontal output stage

D. defective DC restorer stage

The same question in the dynamic test would read:
1. The most likely cause of the malfunction presented on the screen
with normal audio is:

A. defective vertical oscillator stage

B. defective high voltage rectifier

11



Cv defective horizontal, output stage

D. defective restorer stage

The screen on the trainer was utilized as the photographic model
for the static test. Malfunctions were.switched into the circuit, and
then the screen was photographed on 3 X 5 film. The negatives were
then masked, two to a page, with just the screen and bezel of the set
showing. Photographic prints were made and inserted in the test so
that the photograph 1=as directly opposite the question pertaining to
the photograph. Screen size in the photographs is approximately
2 3/4" X 3 1/2". The photographs used in the static test were of high
quality with individual scan lines easily discernible. A normal screen
photograph was placed in the front of the static test for-reference
purposes.

The Sample

The static and dynamic tests were administered to 89 students
and 24 technicians. All the students were completing one-year technical
post-high school training programs in radio-television servicing. The
students were enrolled in ten technical institutes across North Carolina
and one in South Carolina. These schools were using the standardized
radio-television curriculum written by the panel, and they had also
been visited by the staff of the Achievement Measures Project to ensure
that the curriculum being taught in all of the schools was the same.
The RTV test was also administered to the students, but at a different
sitting.

All the technicians were employed full-time as technicians in
television service departments. Twelve of them were attending a special
inserviee training program at the Sears-Roebuck gaining center in
Chicago. They came from Michigan, Wisconsin, Illinois, and Indiana.
Twelve other technicians were tested from the local community of
Champaign-Urbana, Illinois. These technicians were paid to take the
tests.

Test Administration

Since the trainer was transported from school to school and local
conditions varied, it was necessary to warm up and tune the equipment at
each administration-of the test. This was-done in the absence of the
subjects. The test was administered in normally lighted electronics
laboratories -or classrodms equipped with arm chairs for writing. Since
the groups were small it was relatively easy to seat the subjects with-
in the 60 degree cone, 32 feet deep, that is ideal for viewing tele-
vision. The subjects were asked if they could see the screen satis-
factorily, and when all were satisfied, the general directions for the
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test were read to the group. (See Appendix A.) The subjects were then
told that they could expect three kinds of malfunctions, those which.
affect only the video, those which affect only the audio, and those
which affect both the audio and video. The test was then started with
each malfunction being switched on for one minute for each question it
involved. This was followed by a few seconds of display of the normal
picture before switching in the next malfunction. The screen was
covered while the malfunctions were switched into the circuit. Upon
completion of the dynamic test, the static-test was administered in a
similar manner except that the subjects were able to work at their own
rate since the malfunctions were presented by photographs.

The trainer generally performed excellently.throughout the test-
ing. Humidity and local conditions affected the trainer, but these
effects were counteracted by letting the set warm up, followed by tun-
ing. Only once did a malformation occur during testing. A solder
joint broke allowing a wire to drop off. Fortunately, this affected
a malfunction which was easily described /erbally to the subjects. It

was necessary for logistic and economic reasons to administer both static
and dynamic tests at one sitting. Since both tests are identical and
there was a possibility of a learning effect and other variables which
might influence the outcome, approximately one-half of the subjects were
administered the static test first and one-half, the dynamic test first.
For logistic reasons all subjects at a given school were administered the
two tests in the same sequence. It was necessary, therefore, to divide the
subjects, by school,_into those who were administered the static test
first and those who were administered the dynamic test first. The tests
were alternately administered first unless the size of the two groups
became unbalanced because of unequal numberi of subjects among the
schools. If the difference in size of the two groups became too great,
one test was administered first until the size of the two groups was
again nearly equal.'
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CHAPTER IV

RESULTS

This study dealt primarily with (1) the existence of a visual
diagnostic dimension and its relationship to basic electronics knowl-edge and (2) the iconic equivalence of photographs with verbal motion
cues and dynamic live screen presentations of television malfunctionsfor testing purposes. Some associated questions were also studied.
The hypotheses are stated explicitly, in Chapter II.

Eighty-nine students were tested with the static and dynamictests. Means of 24,99 for the'static test and 26.24 for thedynamictest were obtained. The standard deviations were 6.04 and 5.65 for the
static and dynamic tests, respdctively. The highest attained scores
were 3.9 on the static test and 40 on the dynamic test. The range of
scores was 31 on the static test and 26 on the dynamic test. The mean
difficulty level for items on the static test was .498; on the dynamic,
.525. Table 1 summarizes the results of these tests. A full discussionof the tests is not included here; the data are presented so that the
reader will have a better understanding of the tests as the analysesof the hypotheses are presented.

The general reaction of the students and technicians toward thetests was very good; considerable interest and enthusiasm were shown.It was evident that the face validity of. the tests was high. This wouldbe expected since the subjects were solving real problems. Many of thestudents and some of the technicians thanked the author after completingthe test. This is in the author7s experience, unusual,

Table 1. Statistical Summary of the Static and Dynamics Tests for
Students

Measure
Static Dynamic

N
89 1 89Mean
24.99 26.24Variance 36.46 31.93Standard deviation 6.04 5.65Standard error of measurement 3.46 3.47

Highegt'attained score 39 40Range . 31 26
Reliability K-R #14 .728 .698
Coefficient of discrimination ,960 .965Mean difficulty level .498 .525
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Hypotheses 1 and 2 state that the static and dynamic tests are
reliable measures, Reliability in this case is interpreted as an indi-
cation of internal consistency. A reliability index was computed for
both the static and dynamic tests using the Kuder-Richardson formula 14.
This gave a reliability index of .728 for the static test and .698 for
the dynamic test. These reliabilities are only moderately high but are
acceptable for the purposes of this study; therefore, hypotheses 1 and 2
are accepted. While these reliabilities are only moderately high, they
are higher than might be expected for a test of this type for several
reasons. This type of test has not been used previously, and, therefore,
the technique and instruments have not been perfected. For example, it
is not known whether the size of the photograph is critical, how close
one must be in order to properly observe the screen for testing purposes,
or what the best method of presenting motion cues is.

Several bits of feedback from students and technicians after they
took the tests may help explain why the reliabilities were not higher.
Wording of the questions seemed to confuse in two ways. The questions
were stated in the form: "The most likely cause . . ." Some students
and technicians interpreted this to mean the order in which they would
check out a given malfunction. In many cases a check might be carried
out to eliminate a possible source of a malfunction simply because it is
easier to make this check than it is to check out the most probable
source of the malfunction, In actual practice, making these prelimi-
nary checks prior to checking out the most probable source of a malfunc-
tion could potentially save considerable time; however, with regard to
the static and dynamic tests, this procedure could lead to a wrong con-
clusion. The second difficulty with the wording concerned the manner
in which the answers were stated, e.g., if one of the alternative an-
swer read "defective damper" or "defective damper circuit," there was
a tendency to read this as defective damper tube since the tube is the
most probable cause of problems in the damper circuits. This tendency
to interpret the questions in terms of the most likely component within
the entire circuit may also have led to faulty conclusions with regard
to the static and dynamic tests.

Some of the subjects apparently failed to read, and, consequently,
consider, some of the cues when selecting an answer. This was true of
the audio cues on both tests and either the motion cue or some other
pertinent cue in the photograph on the static test. There was a ten-
dency on the part of many subjects, especially the technicians, to want

. to get more information from the schema or to change controls on the
set before making a choice of answers. This is, no doubt, a normal
reaction to being faced with a decision-m'aking situation with only
limited information.

Part of the analysis concerns the relationships between the static
and dynamic tests and the RTV test, a test of knowledge of basic elec-
tronics. Of the 89 students who took the static and dynamic tests, 84
also took the RTV test. These 84 students were used in the analysis of
variance tests and in the correlations which were used to test several
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hypotheses. The change in sample size caused only slight changes in
the means. The means for the sample of 84 appear in Table 2.

Since each student was tested on both the static and dynamic
tests at a single sitting, the question of the effect of order of'
testing arises. An effort to control this variable was nmde-by
administering each test first to approximately one-half of the students.The order of testing was tested with an analysis of variance. Table 2
is a summary of the cell N's and means for this two -way analysis of
variance comparison. Table 3 summarizes the results of this analysis.

Table 2 Summary of Analysis of Variance, Cell Means, and N

Iconicity
Order of Testing Static Dynamic Means

Static first N = 41 N = 41

= 25.000 7 = 26.146 .7 = 25.573

Dynamic first N = 43 N = 43

= 25.186 7 = 26,303 = 25.744

Means X = 25.090 X = 26.220 7 = 25.660

Table 3. Analysts of Variance Summary, Order of Testing and Iconicity.10,....M

Source
Degrees of
Freedom

Mean
Square F Ratio Probability

Iconicity
(Static/Dynamic) 1 82 53.720 . 7.88 < .01

Interaction 1 82 .00984 .00139 > .05

Order of testing 1 82 1.227 .0189 , .05

As can be seen from Table 3, the analysis shows an F ratio of .0189 for
order of testing, which is a very small F ratio and not significant at
the .05 level. Therefore, order of testing made no difference, i.e.,
there was no significant learning or practice effect from having been
administered the static or dynamic test first,
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Hypotheses 3 and 4 stated that the technicians would do signifi-
cantly better than graduating students on the static and dynamic tests.
The statistics for the static and dynamic tests for the 24 technicians
are summarized in Table 4.

Table 4. Statistical Summary of the Static and Dynamic Tests for
Technicians

Measure Static Dynamic

N 24 24
Mean 32.13 33.29
Variance 33.24 35.61
Standard deviation 5.77 5.97
Standard error 3.32 3.26
Reliability K-R #14 .740 .779

A summary of the analysis of variance is found in Table 5. It
can be seen from this table that the technicians did significantly
better than the students, supporting the hypothesis of construct valid-
ity. The F 1atio of 29 for this test is significant beyond the .01
level. The hazards of drawing conclusions from small samples is recog-
nized; however, the sample is nearly large statistically, and the dif-
ference is very highly significant.

Table 5. Analysis of Variance Summary, Validity and Iconicity

Source
Degrees of Mean
Freedom Square F Ratio Probability

Iconicity
(Static/Dynamic) 1 106 70.0416 10.02 < .01

Interaction 1 106 .0119 > .05

Validity
(Students/

*Technicians) 1 106 1854.3065 29.00 < .01

This issa one-tailed test.
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Since the intended purpose here IS merely to show that the ',eelinicians
do better than students, this check of conseructoialidity is adequate
for the purpose of this study. It is concluded, therefore, that thestatic and dynamic tests are valid measures and that lolotheses 3 and4 are accepted.

Hypothesis 5 states that photographs with vehal motion cues a':e
iconically equivalent to a live set presentation of ntulfuru in
visually diagnosing television receiver difficulties,. A product-

__moment correlation of .81 was found between the static and dynamictests. This is a rather high correlation indicating a strong relation-
ship between the two tests and supporting the hypothesis of equivalence
of the two tests. Some caution is needed here, however, in that the
.81 correlation may be spuriously high. The highest correlation that
is theoretically possible between the two ,tests is the square root of
the product of their reliabilities. In this caee the square root of the
product of .728 and .698 would give .71 as the highest correlation that
could reasonably be expected between the two tests. fhe obtained
correlation of .81 may not be unrealistic, however, because the instru-
ments and testing techniques have not been perfected; as the reliabilities
of the tests are improved the correlation between the tests should alsoimprove. If the correlation between the static and dynamic tests is
corrected for attenuation,

a correlation slightly greater than unity isobtained. This leads one to suspect that the assumptions underlying the
reliabilities have been violated. In this cane the reliabilities werefound with the Kuder-Richardson formula 14, which assumes that the tests
are measures of a single factor and have inter-item correlations. It willbe shown in a later discussion that the static and dynamic tests are not
measures of a single dimension,

and an examination of the item inter-
correlations shows that they vary considerably. If the assumptions of
the formula are violated, the reliabilities .are underestimated. Under-
estimated reliabilities could account for the corrected correlation's
exceeding unity, and the highest theoretical correlation possible
between the static and dynamic tests would also be underestimated. This
evidence indicates that the obtained correlation of .81 between the
static and dynamic tests may not unrealistic and may, in fact, be an
underezeimate of the correlation corrected for attenuation. A high
correlation between the static and dynamic tests is strong evidence of
equivalence of the tests, and this is seen as additional support for the
hypothesis.

Additional tests of hypothesis 5, the equivalence of the static
and dynamic tests, were made using analysis of variance. One analysisof variance comparison of the static and dynamic tests which included
only students is summarized in Table 3. This comparison gave an F
ratio of 7.88, which is significant beyond the .01 level.. The difference
between the means of the static and dynamic tests in this comparison is1,13 points. The static and dynamic tests were also compared as part
of the analysis of variance summarized in Table 5 and included both
students and technicians. An F ratio of 10.02, which is significant
beyond the .01 level, was obtained. The difference betwten the means

18



of the static and dynamic t.,:sts in this comparison was 1 14 points. Ih
order to be equivzleat, tests must have equal means and variance and
have a high correlation (Gullikeen, 1950, pp. 173-192). It can be seen
that there is only partial suppprt from the statistical tests fvr tlas
hypothesis; therefore, hypothesis 5 is rejected. As wIls pointed out,
the differences between the means were 1.13 points for the students eed
]. 14 points for the students and technicians combined. This small
difference might be attributed to factors other than chance. There is
reason to believe, fcr example, that differences in item difficulty
could be such a factor. Easy or difficult items which appear in one
test but not in the other could have the effect of adding of saftracting
a constant from the mean of the static or dynamic test, which could
account for the small afferences in this case. If an easy item is
defined as an item marked correctly bv 90 percent or more of the subjects,
then the static and dynamic tests are not equal in this respect. Using
this criterion, the dynamic test contained three easy items--numbers
18, 33, and 45. Only one easy item is contained in the static test- -
item 33. Item 18 used loss of vertical leflection as the malfunction,
producing a horizontal white line in-the center of a dark screen.
Item 33 used a dark screen as the malfunction, and item 45 used a
defective AGC-sync system as the malfunction. This malfunction causte:
simultaneous vertical and horizontal movement of the picture. Diff.stenees
of this type could explain the small difference between the obtained
means. There would appear to be no differer,:e in the iconic presentation
of these items unless the subjects missed the motion cue on item 45. A
horizontal bar or a dark screen is just that, whether it is preoented
by photograph or live screen.

The difference between the means of the two tests could also be
explained in terms of iconic differences of die tests. It should be
pointed out that either the live screen or the* photographs could have
been better iconically under the testing conditions in which the static
and dynamic tests were administered. Since the tests were identiCal
except for the method of presenting the malfunction, any large difference
in the proportion of students correctly marking an item might be
attributed to an iconic difference. An examination of the irem analysis
(Appendix B) shows that eight items differ by more than .1U0 in the
proportion passing on the static and dynamic tests. Item 38 was markPd
correctly by a greater proportion of the students on the static test.
Items 8, 12, 28, 37, 39, 42 and 49 were marked correctly by a grey er
proportion of the students on the dynamic test. Some of these ite
used a malfunction which was used in several tither questions. If there
is an iconic difference for a malfunction, then this difference shoul..!
occur in all items using that particular malfunction, and all of the
items should agree that one method of presenting the'malfunction is
better. For example, if there is an iconic difference between the
methods of presenting ma .functions, then for three ,.,terns using the same
malfunction we would expect to find that a greater proportion of the
subjects would correctly mark all three items on, say, the dynamic test.
Sixteen malfunctions were each used in more than one question. Tye
expectations, if an icoaic difference exists, are found to hold true
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for nine of the sixteen malfunctions that were used in more than one
question. Two others essentially meet these expectations, and four do
not. 07e.--tAle....e1even that essentially meet these expectations, seven
indicate that the dynamic method is better. Four indicate that the
static is better. The malfunctions which appear to be iconically better
in the dynamic test require discriminations of degree such as weak
recept_on, weak video, whether the raster is normal with the absence
of video_output, etc., and also the dark screen. The static test seems
to be better for presenting oscillator, power supply fitter, and damper
circuit problems.

The criteria of equal means, equal variance, and a high correlation
are very rigorous requirements for equivalence of tests. Of these require-
ments the most important is a high correlation, which shows a close
relationship between the tests. Differences between means can be
compensated for by adding or subtracting a constant from the means of
the tests to bring the scores to the same standard score, Many published,
well recognized tests do not have equal means on equivalent forms of the
test, and they use this procedure. Although the static and dynamic tests
do not in the strictest sense meet the requirements of equivalent tests,
from a practical standpoint the tests are equivalent.

Hypotheses 6 and 7 state that the static and dynamic tests are
measures of a dimension which is independent-of trade-related cognitive
knowledge as measured by a paper and pencil test of knowledge of basic
electronics. The RTV. test is a three hundred-item, multiple choice
paper and pencil achievement test in radio-television servicing developed
as a part of the Achievement Measures Project of which this study is a
part. The RTV test was administered to 149 students and has a mean and
standard deviation of 114.43 and 39.56, respectively, for this sample.
Those students who took the static and dy-amic tests are included in the
sample. The reliability of the RTV test as measured by the Kuder-
Richardson 14 formula is ..96. The static-test correlated .58 and the
dynamic .60 with the RTV test. These rather high correlations indicate
a fairly high degree of relationship of the static and dynamic tests to
the RTV test; therefore, they are not independent, and hypotheses 6 and
7 are rejected. It should be pointed out, however, that if these
correlation coefficients are squared, only about 35 percent of
the variance of one can be accounted for by the other. This indicates
a fairly large degree of specificity in the. static and dynamic tests.
Even though visual diagnostic ability is not entirely independent of
knowledge of basic electronics, it may still be desirable to test this
dimension in assessing achievement.

Hypotheses 8 and 9 state that the static and dynamic tests each
measure a single dimension. The static and dynamic tests were factor
analyzed by means of a principal axis factor analysis program with
varimax rotation to study these relationships. The static and dynamic
tests accounted for almost equal amounts of the total variance in each
case. The static test accounted for 26.70 percent of the total variance,
and the dynamic test, 26.34 percent of the total variance. Table 6



Table 6, Percentage of Common Variance Accounted for by Rotated Factors
for the Static and Dynamic Tests

Test One

Factors

Two Three Four

Static

Dynamic

39.07

42,07

21.33

20.38

20.05

19.32

19.54

18.23

summarizes the percentage of common variance accounted for by each of the
rotated factors for the static and dynamic tests. The two analyses gave
results which were quite similar; however, the static test accounted for
slightly more variance in all cases except factor one. Factor one of the
dynamic test accounted for slightly more variance than factor one of the
static test. Although one strong factor is emerging in each case, the
remaining three factors are strong with reference to factor one, On the
static test, factors two, three, and four accounted for 54.6, 51.3, and
50.0 percent, respectively, of the amount of variance accounted for by
factor one. On the dynamic test, factors two, three, and four accounted
for 48,4, 45.9, and 43.3 percent, respectively, of the amount of variance
accounted for by factor one. The analyses indicate that the static and
dynamic tests are not single dimension-tests; therefore, hypothesis 8
and 9 are rejected.

Hypothesis 10 states that the static and dynamic tests are measures
of the same dimension. A question was raised concerning whether different
mental processes are used to solve the various kinds of malfunctions pre-
sented in the two tests. Several technicians were quizzed on how they
solved the problems on the tests. The process described is as follows:
examine the set and try to determine what parts or stages are working and
how well; then eliminate possible sources of the malfunction on the basis
of knowledge of the relationship between the components and on past
experience. This is the same process described by Miller and Polley (1951)
and Saupe (1954) and is also the author's opinion of the mental process
involvedthe process of logical reasoning, Unless there is some subtle
difference that is not recognized, the same process is used for all of the
problems involved in the tests. -

Three kinds of problems were used in the tests--those which involved
the audio (or sound) only, those which involved the video (or picture)
only, and those which involved both the audio and video output. When the
higher factor loadings (.2 or larger) were examined with reference to the
kinds .of problems involved, some interesting relationships were revealed.
Both tests factored in a similar manner on the four factors with regard
to the type of malfunction used in the questions, Questions which loaded
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on factor one dealt with all three kinds of malfunctions and in very
nearly the same proportions in which they were presented within the
tests as a whole. Those questions which dealt with strictly video
problems were not quite as heavily loaded on factor one in proportion
to their occurrence in the tests as a whole.

For test security reasons, the static and dynamic tests are not 4--

included in this report; however, four sample items and four photographs
from the static test are included in Appendix C give the reader some
idea of the kinds of problems used and the quality of the .photographs.
For ease of reproduction, the motion cues are given beside the question
rather than beside the photograph, as was the case in the static test.

Factur two contained almost equal numbers of pro _ems affecting
the video only and affecting both the audio and video. Since the tests,
have a higher proportion of problems which affect only the video, this
would tend to de-emphasize the video type of problems for factor two and
to emphasize those problems which affect both the audio and the video.

Factor three contained almost entirely video problems alone.
One audio problem loaded on this factor on the dynamic test only.

Factor four contained all three types of problems, but it appears
to contain a relatively large proportion of audio problems. Three-fourthsof the audio problems loaded on this factor, while proportionally only
one-third to one-half of the video and audio-video problems loaded on
this factor. It is difficult to tell if this is an indication that the
audio is the strong element in this factor or if it is similar in
character to factor one with slightly different emphasis. There were
only four questions-which dealt with strictly audio problems, and, hence,
a small change here would make it appear that a much greater emphasis is
on audio problems than is actually the case.

As just discussed, there was some indication that the factors
contained different kinds of problems in different proportions. The
items were summarized according to the effect the malfunction had on
the audio and video output. This raised the question about whether
tne source of the malfunction had any relationship-to the factor upon
which an item loaded. The items were summarized according to the source
of the malfunction as indicated by the correct answer to the question.
No particular relationship seemed to be indicated between the source
of the malfunction and the factor upon which the item loaded.

Since the items did not load with equal magnitude on the static
and.dynamic tests for a given factor, an attempt was made to summarize
the data by ranking the loadings for each item. The loadings for each
item were ranked so that the highest loading for an item was ranked one;
the second highest, two; the next, three; and the lowest loading, four.
These ranks were then summarized'. When summarized in this manner, about
two-thirds of the items loaded identically for the static and dynamic
tests can their highest (first ranked) loadings. In some cases the
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difference between a one rank and a two rank is small, and if these
items are also. considered, then the proportion would go a little higher.
About 20 of these items are located in factor one, with progressively
fewer items in the other factors. Six of the second-ranked loadings
and five of the third-ranked loadings were on identical items on the
two tests.

Evidence has been cited here which indicates that the items
loaded on the factors in a similar manner on both tests with regard to
.the relative magnitude of the loadings and the types of malfunctions.
This suggests that the tests are measures of the same dimension. The
static and dynamic tests correlated in a similar manner with the RTV
test which gives further support to the acceptance of hypothesis 10.
The static test. correlated .58 and the dynamic test .60 with the RTV
test. This evidence, with the evidence previously sighted, seems to
indicate that the static and dynamic tests are measures of the same
dimension; therefore, hypothesis 10 is accepted.

The evidence is not conclusive, so caution must be exercised in
interpretation of the factors. Tentatively, factor one is named the
general visual diagnostic factor. Factor two is tentatively named the
video-audio factor, and factor three, the video factor. Evidence is not
sufficient 'to place a name on factor four.
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CHAPTER V

SUMMARY AND CONCLUSIONS

Summary

This researdl centered around two major problems: (1) to develop
an achievement test to measure the additional dimension of visual
diagnostic ability and (2) to test the iconic equivalence of photographs

-with motion cues and live screen presentations of defective television
reception for testing purposes. Related questions concerning reliability,
validity, and the dimensions of visual diagnosis were also studied.

Method of Study

A panel of radio-television instructors and technicians was
utilized to write questions and judge.the appropriateness of items. for
the test. The malfunctions were wired into a Tele -Lab trainer so that
they could be switched in, at will, for presentation during the test.
Fifty multiple-choice questions representing 27 malfunctions were used.
The malfunctions affected. the audio only, the video only, or both the
audio and the video, This test is the Visual Diagnostic Test for
Television Servicing-Dynamic, or the dynamic test. The live screen
used in the dynamic test served as the photographic model for the
Visual Diagnostic Test for Television Servicing-Static, or the static
test. Verbal motion cues were presented beside each photograph on the
static test, The static and dynamic tests were identical except for
the method of presenting the visual information in the malfunctions.
To equalize the two tests, a statement of the audio condition was
presented within each question,

The static and dynamic tests were administered to 89 students
who were completing one-year programs in radio-television servicing.
For economic and logistic reasons, the students were administered both
the static and dynamic tests in one sitting, They were divided into
two groups so that approximately one-half of them took the static test
first and one-half took the dynamic test first, The students also
took, at a different sitting, a three hundred-item, multiple choice
test of knowledge of basic electronics, the RTV test.

The static and dynamic tests were also administered to a sample
of 24 technicians who were employed full-time in radio-television servicing,
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Results and Conclusions

Hypotheses 1 and 2 stated that the static and dynamic tests are
reliable. The Kuder-Richardson formula 14 yielded a validity index of
.728 and ,698, respectively, for the static and dynamic tests This is
a moderately high reliability; however, since the equipment and testing
procedures have not been perfected, this reliability was considered,.
adequate, Hypotheses 1 and 2 were accepted,

Hypotheses 3 and 4 stated that the static and dynamic tests are
valid measures Students and technicians were compared using analysis
of variance, An F ratio of 29,31 was obtained, which is significant
beyond the .01 level; therefore, hypotheses 3 and 4 were accepted,

Hypothesis 5 stated that photographs with verbal motion cues are
equivalent to live screen presentations of defective television reception
for testing purposes, A product-moment correlation of ,81 was obtained
between the static and dynamic tests. A correlation Of ,71 is the highest
correlation that is theoretically possible between the tests, estimated
from the reliabilities of the tests, and is less than the obtained
correlatiOn. When corrected for attenuation, the correlation is slightly
greater than unity, (The assumptions underlying the reliability formula
were violated, giving an underestimate of the reliabilities, This could
explain why the obtained correlation was higher than theoretically possible
and also why the correlation corrected for attenuation is greater than
unity) A high correlation Was considered to be strong evidence that the
tests are equivalent, The static and dynamic'tests were also compared by
analysis of variance. F ratios of 7,88 for students and 10.02 for stu-
dents and technicians were obtained and are significant beyond the .01
level. Only partial support was given to this hypothesis from the
statistical tests, so hypothesis 5 was rejected. The requirements of
equivalence are quite rigorous and are frequently not met by well recog-
nized tests, The static and dynamic tests do meet the most important
requirements 3f equivalence; therefore, from a practical standpoint, the
tests may be considered evivalent.

Hypotheses 6 and 7 stated that the static and dynamic tests are
independent of trade-related cognitive knowledge as measured by a paper
and pencil test of knowledge of basic electronics (RTV). The static
test correlated 58 and the dynamic test .60 with the RTV test, These
correlations indicate a reasonably strong relationship; therefore, the
static and dynamic tests are not independent, and hypotheses 6 and 7
were rejected,

Hypotheses 8 and 9 stated that the static tests each measure a
single dimension, The tests were factor analyzed using a principal axis
factor analysis with varimax rotation, The results of the analysis
indicate that, on both the static and dynamic tests, factors two, three,
and four are each about one-half as strong as factor one. This indi-
cates a more complex relationship rather than a single dimension; there-
fore, hypotheses 8 and 9 were rejected.
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Hypothesis 10 stated that the static and dynamic tests are measures
of the same dimension. This relationship was studied with factor analysis.
The results indicate that the items of the two tests do load on the factors
in a similar manner, The factors of the two tests were also similar with
regard to the kinds of problems that loaded on each of the factors. The
static test correlated .58 and the dynamic test correlated .60 with the
RTV test. The results of the factor analysis and the correlations were
taken as evidence that the static and dynamic tests are measures of the
same dimension. Therefore, hypothesis10 was accepted.

Implications for Further Research

1. If visual diagnostic ability is widely tested, suitable
photographic models and/or live screen equipment must become readily
available.

2. If visual diagnostic ability is widely tested, the Instru-
ments should be broadened and expanded to include a wider range of black
and white malfunctions and transistor and color circuits.

3. Technicians expressed much concern about the efficiency of
the overall trouble-shooting process, of which visual diagnosis is a
part. The use of photographs coupled with some other device, such as
a schematic or tab test, may offer premise as a practical method of
evaluating the overall efficiency of a technician to carry through the
entire trouble-shooting procedure. This should be researched.

4. There was a small but significant difference between the
means of the static and dynamic tests. Additional research should be
done to-ascertain whether these differences can be accounted for by
such factors as size of photographs or method of presenting motion
cues.

5. Additional research should be done on the validity of tests
of-visual diagnostic ability. The differences found between students
and technicians could be accounted for by either performance or
experience.
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GENERAL DIRECTIONS - STATIC TEST

This is a performanc test in television servicing. tt is designed

to test the knowledge which you have acquired during your cow :se of study.

This is a timed test. You will have a total 4f 50 minutes to

complete the entire test. Malfunctions are presented in the photographs

at the left. You will be required to examine the photogeih and determine

the malfunction from the answers which you have in your test booklet.

Read all of the answers carefully before choosing an answer.

The questions on thii test are multiple choice and require you to

blacken the letter space or. the answer sheet corresponding to the answer

which is correct or most nearly correct. An example is given below:

Example: The decimal equivalent of 1.16 is:

A. .00625
B. .01625
C. .0625
D. .625

The correct answer is C, so C would be blackened on the answer

sheet as indicated below:

ed.,1,4m 40 .......OWIMMIIMW........

gr.,
Illustration of the Answer Sheet

41m WO

Do not write in the test booklet. Record all your answers on your

answer sheets.

DO NOT TURN THIS PAGE UNTIL TOLD TO DO SO
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GENERAL DIRECTIONS - DYNAMIC TEST

This is a performance test in television servicing. It is designed

to test the knowledge which you have acquired during your course of study.

This is a timed test. You will have a total of 50 minutes to

complete the entire te.t. Malfunctions will be presented on the screen.

You will be required to examine the screen and determine the malfunction

fgom the answers which you have in your test booklet.

Read all of the answers carefully before choosing an answer.

The questions on this test are multiple choice and require you to

blacken the letter space on the answer sheet corresponding to the answer

which is correct or most nearly correct. An example is given below:

Example: The decimal equivalent of 1/16 is:

A. .00625
B. .01625
C. .0625
D. . .625

The correct answer is C, so C would be blackened on the answer

sheet as indicated below:

.11110

Illustration of the Answer Sheet

Do not write in the test booklet. Record all your answers on your

answer sheets.

DO NOT TURN THIS-PAGE UNTIL TOLD TO DO SO
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APPENDIX C

SAMPLE TEST ITEMS

- arsz A4- i"
i4...ft.*
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SAMPLE TEST ITEMS

35. The most likely cause of the malfunction in Figure #16 with normal
audio is:

A. defective video amplifier
*

B. defective horizontal oscillator (Horizontal motion is present.)
C. defective integrator circuit
D. defective sync circuit

37. The most likely cause of the malfunction in Figure #17 with normal
audio is:

A. defective integrator circuit
B. defective vertical oscillator (Vertical motion is presented.)
C. defective height pot
D. defective vertical linearity pot

45. The most likely cause of the malfunction in Figure #24 with normal
audio is:

A. defective integrator circuit
B. defective differentiator circuit (Horizontal and vertical motion
C. defective DC power supply is presented.)
D. defective sync-AGC circuit

50. The most likely cause of the malfunction in,Figure #27 with normal
audio is:

A. increased capacitance in deflection yoke circuit
B. shorted vertical output winding
C. defective damper
D. ,defective high voltage rectifier

*
In the static test, when a motion cue was necessary, it was given

beside the photograph' rather than in-the question.
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